Our purpose is to determine predictors of outcome in patients with refractory temporal lobe epilepsy and normal high resolution magnetic resonance imaging (MRI) who undergo surgical therapy. We identified 23 patients who underwent temporal lobectomy and had normal pre-operative MRI, including surface coil phased array temporal lobe imaging. All were followed at least 2 years after surgery. We graded outcome as seizure-free, >75% reduction in seizures, or <75% reduction in seizures.
INTRODUCTION
Significant advances in the neuroimaging of epilepsy have occurred over the last decade. In particular, developments in high resolution magnetic resonance imaging (MRI) have revealed the presence of brain lesions that were not previously discerned with earlier imaging technology. Evidence of mesial temporal sclerosis (MTS) [1] [2] [3] and of focal cortical dysplasia 4 are but two examples of abnormal changes that may now be readily detected with MRI. The identification of structural brain lesions is of major importance in evaluating patients with medically refractory temporal lobe epilepsy who are considered as candidates for surgical therapy. The best outcomes after temporal lobectomy are usually seen when structural lesions are found and are concordant with the electrographic findings and other data [5] [6] [7] [8] .
Given the importance of finding focal cerebral abnormalities, it may be problematic to consider subjects with medically intractable temporal lobe epilepsy as candidates for surgery when no anatomic lesions are found on MRI. We approached the question of surgery for 'nonlesional' temporal lobe epilepsy by reviewing our own experience with a group of patients with medically refractory seizures who underwent temporal lobectomy and had normal pre-operative brain imaging studies. Our goals were two-fold: to determine in general the outcome after surgery in these patients, and, perhaps more importantly, to identify if any specific predictors of success or failure after resection may be found by relating clinical, electrographic, and pathologic variables to post-surgical results.
MATERIALS AND METHODS

Subjects
All 23 patients who underwent temporal lobectomy at the University of Washington Medical Center between August 1993 and December 1997 for medically refractory temporal lobe seizures and who had normal pre-operative high resolution MRI are included in this study. We followed all subjects for a minimum of 2 years after surgery.
For every individual the clinical assessment included careful review of the history and detailed general and neurological examinations. All subjects underwent standard waking and sleeping electroencephalographic (EEG) examinations, formal neuropsychological evaluation, and continuous long-term sphenoidal/scalp EEG video monitor studies 9 . Six patients also underwent intracranial, subdural cortical strip electrode EEG video monitoring, with electrodes placed bilaterally over lateral and inferiormesial temporal surfaces, prior to definitive resection 10 . All patients underwent pre-operative cerebral angiography with intracarotid sodium amytal (Wada) testing to evaluate side of speech preference and competency of memory functions contralateral to the proposed side of surgery 11 .
MRI evaluation
We chose August 1993 as the earliest date to include patients since that was the first time that our imaging protocol for all patients with epilepsy included high resolution MRI studies with surface coil phased array techniques for temporal lobe imaging. Phased array methods significantly improve the signal-to-noise ratio in hippocampal regions compared to that obtained with standard quadrature head coils 12 .
Specific MR sequences for all patients included the following whole-head studies: axial T1 weighted; fast spin echo T2 weighted; fluid attenuated inversion recovery images; and T1 weighted axial and coronal pre-and post-gadolinium contrast. Continuous 5.0 mm slices were used for whole head imaging 13 . The phased array portion included axial and sagittal localizing images, coronal fast spin echo T2 and inversion recovery studies (4.0 × 0.5 mm slices), and coronal three-dimensional spoil grain sequences for volume analyses (1.7 mm slice thickness).
Surgical decision making
We determined, in conjunction with neuroradiologists, that the high resolution and phased array MRI studies for all patients were normal. We based decisions in regard to surgical therapy on ictal EEG recordings, which in all cases showed that seizures originated from only one temporal lobe region. All patients underwent temporal lobectomy, with the operative technique that of a 'tailored resection' 14 .
Pathological evaluation
All resected temporal lobe specimens were examined for pathological assessment by one the authors (DEB). The hippocampi were placed in 10% phosphate buffered formalin (pH 7.4) for 1-2 days. Serial transverse blocks were cut perpendicular to the longitudinal axis of the hippocampus based on intraoperative specimen orientation. Each block was processed into paraffin and prepared with combined cresyl violet-luxol fast blue stains and either Holzer's stain or immunohistochemistry for glial fibrillary acidic protein to demonstrate astrocytes. All sections were reviewed and rated for the presence or absence of neuron loss and the degree of astrocytic and glial fiber increase (none, mild, moderate, or severe) in each hippocampal subfield (granule cells, hilus, CA3, CA2, and CA1). Specimens were classified as inadequate when more than two hippocampal subfields were not included in the resection specimen 15 .
Outcome assessment
We classified each post-surgical patient into one of three categories based on their last year of followup: (1) completely seizure-free, (2) >75% reduction in seizures compared to the year prior to surgery and (3) <75% reduction in seizures. In determining outcome, we counted all seizures, including simple partial seizures ('auras'), and seizures related to antiepileptic medication withdrawal.
We reviewed the details of the ictal and interictal EEG findings for each patient, as well as the age of onset and duration of epilepsy, risk factors for epilepsy, gender, physical signs, family history, side of operation, age at operation, and pathological findings after temporal lobectomy to determine if any of these factors were related to post-surgical outcome.
RESULTS
Demographic characteristics
Of the 23 patients, 65% (15/23) were female and 35% (8/23) were male. The mean age at the time of temporal lobectomy was 33 years (range 7-55). The mean age of onset of seizures was 16 (range 0-40), yielding a mean duration of epilepsy of 17 years (range 4-40) by the time surgery was performed. Risk factors for epilepsy were found in 39% (9/23) of the patients. These included a history of head injury with loss of consciousness in 22% (5/23), meningitis or encephalitis in 9% (2/23), birth injury in 9% (2/23), status epilepticus in 4% (1/23), and febrile seizures in 4% (1/23). Two individuals had more than one risk factor, while 22% (5/23) had a family history of epilepsy in one or more relatives. None of the 23 subjects had focal neurological signs on clinical examination.
EEG findings
Ictal EEG patterns 16 localized onsets to one basaltemporal region for 78% (18/23) of the patients, while for the remaining 22% (5/23), seizures originated from a single mid-posterior temporal region. Review of daily interictal data obtained during long-term sphenoidal/scalp EEG video monitoring demonstrated that epileptiform patterns (spikes or sharp waves) localized exclusively to one basal-temporal region for 39% (9/23) of the patients; in these subjects interictal discharges predicted ictal onsets. The remaining 61% (14/23), exhibited interictal epileptiform patterns that were bilateral or multifocal in distribution. Temporal lobectomy, based on ictal EEG recordings, was performed on the left side for 70% (16/23) of the patients and on the right for 30% (7/23).
Pathological diagnoses
Twenty of the 23 resection specimens were judged to be adequate. One of these showed pathological changes compatible with mesial temporal sclerosis 15, 17 . All other specimens exhibited no evidence of hippocampal neuronal loss and at most only mild gliosis limited to the hilus, a combination of findings termed 'end-folium gliosis (or sclerosis)' 17, 18 .
Outcome
The patients were evaluated at least 2 years after surgery, with a mean follow-up time of over 3 years (range 2-6). Eleven of the 23 (48%) were completely seizure-free and 39% (9/23) had more than 75% reduction in seizures compared to the year prior to the operation. The remaining 13% (3/23) had less than a 75% reduction in seizures, in comparison to the year before the resection.
Of the patients whose ictal EEG recordings showed that onsets began in basal-temporal regions, over half were seizure-free, while none were seizure-free if seizures began in mid-posterior temporal regions (P = 0.04). Furthermore, of the patients whose surface interictal epileptiform patterns localized exclusively to a single basal-temporal region over threefourths were seizure-free. This compares to a seizurefree outcome in less than one-third of individuals where interictal discharges were bilateral or multifocal in distribution (P = 0.04). Table 1 summarizes the relationship between ictal and interictal EEG findings and post-surgical outcome.
We did not find any other factors were related to a seizure-free outcome, including age of onset and duration of epilepsy, risk factors for seizures, physical findings, family history, gender, side of surgery, age at time of operation, and pathology of resected tissue.
DISCUSSION
Our findings suggest that although, as a group, patients with intractable temporal lobe epilepsy and normal MRI do not constitute the most favorable candidates for surgery, some individuals nevertheless may benefit from temporal lobectomy. That nearly half of these patients will be seizure-free after resection is a much better prognosis than the expected outcome with other available treatments. For patients who have undergone at least two adequate trials of major antiepileptic medications and are still not completely seizurefree, no more than 10% will be controlled with trials of other medications 19 . A novel treatment for refractory epilepsy, vagal nerve stimulation therapy, which may reduce seizure frequency in a significant portion of patients treated, will nevertheless only completely control seizures in less than 5% 20 .
Importantly, we may be to able use EEG findings to predict which patients with difficult-to-control temporal lobe seizures and normal imaging are most likely to benefit from temporal lobectomy. If seizures prove to originate from a single basal-temporal region, we find that more than half the patients will be seizure-free after surgery. We also find an important subgroup where the interictal surface EEGs demonstrate consistent, exclusively unilateral basal-temporal epileptiform patterns 21 . For these patients the likelihood of a seizurefree outcome approaches 80%, placing them in a category comparable to that of some of the most optimal candidates for epilepsy surgery 5 . These results are consistent with the predictors of post-surgical outcome based on criteria developed prior to the availability of high resolution MR images of the hippocampi 22 . On the other hand, if seizures are of lateral-posterior temporal onset (reflecting probable neocortical origin), or if interictal epileptiform patterns on EEG disclose a bitemporal or multifocal distribution, a seizure-free outcome after resection may be unlikely. As expected, most patients with refractory temporal lobe epilepsy and normal high resolution MRI do not have mesial temporal sclerosis (MTS), which is the single most common pathology of temporal lobe epilepsy 18 . With one exception, all of our patients with adequate pathologic specimens lacked neuron loss, but did show a mild gliosis of the hilus.
Apart from pathological differences, clinical features of patients with end-folium gliosis suggest a syndrome distinct from MTS. A history of febrile seizures is common in patients with MTS and rare in subjects with end-folium gliosis 23, 24 . Other risk factors for epilepsy (e.g. head injury, or meningitis) occurred in more than one-third of our individuals with endfolium gliosis. The mean age of onset of epilepsy in persons with MTS is earlier than that in the patients reported here (8 vs. 16 years, unpublished data, University of Washington Regional Epilepsy Center). Nearly two-thirds of the subjects in the current series are female, but there is no clear gender pattern of individuals affected with MTS. Other studies have emphasized that patients with pathologically proven end-folium gliosis tend to have post-operative outcomes that are generally less favorable than subjects with proven MTS 15, 25 . We have found that about 80% of persons with MTS are rendered seizure-free after temporal lobectomy, a result that contrasts with the overall outcome of about one-half seizure-free in this study.
In summary, patients with medically refractory temporal lobe epilepsy and normal MRI are, in some cases, good candidates for epilepsy surgery. The best candidates can be selected for temporal lobectomy on the basis of specific localized ictal and interictal EEG patterns.
